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Abstract 
Fish and seafood may represent risks for human health since they are often contaminated by toxic elementts from 
aquatic environment, the magnitudes of which are magnified through the food chain. The purpose of this study was 
to analyze and evaluate the levels of toxic and trace metals in five species of fresh water fish and five species of 
marine fish bought from commercial markets in Bangkok, Thailand. The edible part of fish samples were analyzed 
by instrumental neutron activation analysis using the comparator techniques at Thai Research Reactor (TRR-1/M1) 
at the Thailand Institute of Nuclear Technology. The contents of As, Cd, Co, Cr, Fe, Hg, Rb, Sb, Sc, Se and Zn 
found in fish samples were 0.19-11.65, <13, 0.10-0.14, 5.34-11.29, <14.00-31.95, <0.55-1.37, <2.00-44.41, <0.30, 
<0.01, <0.50-2.07 and 18.18-36.92 ppm, respectively. As contents in all fresh water fish species did not exceed the 
standard limit of 2 ppm recommended by the Ministry of Public Health of Thailand, but the limit was exceeded in 
four marine fish species (3.11-11.65 ppm). The standard limit recommended for Hg is 0.50 ppm, and the amount of 
Hg in two fresh water fish species and three marine fish species exceeded this limit (0.75-1.37 ppm). Cd contents of 
all fish samples were below the detection limit of 13 ppm. While other trace elements are non-toxic.  
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1. Introduction 
        Fish consumption has increased in importance in various regions of the world and the past decade has recorded 
more interest in the quality of fish and fishery products [1], [2]. Fish provide omega-3 (n-3) fatty acids and essential 
elements necessary for adequate human nutrition. Omega-3 (n-3) fatty acids are particularly beneficial to both heart 
health [3] and those at high risk or suffering cardiovascular disease [4] Fish represent one of the most indicative 
factors for the estimation of trace metals pollution potential[5] and this is important not only for the protection of the 
environment, but also for the fish quality. Fish respond sensitively to an increase of concentration of contaminants 
(metals, organic pollutants) in water. The accumulation level of metals in organs and tissues of fish depends upon 
taxonomic belonging of the fish species, age patterns, their physical-biochemical characteristics and chemical status 
of the environment they live [6]. In recent decades, much attention has been paid to the study of essential and toxic 
trace element content in foodstuffs, as a result of a growing concern about the health benefits and risks of food 
consumption. The evaluation of risks and benefits of the consumption of fish and other seafood has been particularly 
controversial. Nutritionists consider these products to be an important source of high-quality proteins, minerals and 
essential fatty acids such as omega 3. Toxicologists tend to regard fish as a major vector for toxic substances such as 
metal, trace elements and persistent organic pollutants. The scientific reality is more complex and a reconciliation of 
these two viewpoints requires that we take into consideration both nutritional and toxic substances contained in food 
products and also consumer behavior with regard to these products [7]. In this experiment, instrumental neutron 
activation analysis has been used for the determination of essential and toxic trace elements in edible fresh water and 
marine fish. The 10 fish species samples were bought from commercial market in Bangkok, Thailand.  
2. Procedure 
2.1. Sample collection and preparation 
      Five species of fresh water fish and five species of marine fish were bought from commercial market in 
Bangkok. The common name and scientific name of fish samples are in Table 1. 
  After collection, fish samples were transported to the laboratory in ice-cooled containers. Fish were washed with 
tap water several times to remove adhering blood and slime. They were prepared using common household 
practices, i.e., eviscerating, descaling and beheading. The edible part was cut and cleaned with de-ionized water. 
Fish samples were ground using a high speed blender made of titanium blade then freeze-dried at -60 0C for 72 
hours. Freeze-dried samples were homogenized by using high speed blender, made fine powder and kept at -20 0C 
until analysis. 
Table 1.  Fish samples 
Common name Scientific name 
Fresh water fish 
Nile tilapia Oreochromis niloticus 
Nile tilapia(red) Oreochromis niloticus(red) 
Giant gourami Osphronemus goramy 
Striped snaked fish Channa striatus 
Striped catfish Pangasius sutchi 
Marine fish 
Black-banded trevally Seriolima nigrofasciata 
Spanish mackerel Scomberomous commerson 
Giant seaperch Lates calcarifer 
Grouper Epinephelus sexfasciatus 
Dorado Saiminus brasiliensis 
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2.2. Apparatus 
      The TRR-1/M1 swimming pool-type research reactor (1,200 kW) at the Thailand Institute of Nuclear 
Technology is a nuclear research reactor, which uses low-enriched uranium as fuel and light water as moderator and 
coolant. The reactor is used for neutron irradiation in the study. The detector used for counting gamma ray activity 
of samples and standards is HPGe detector (p-type) with a resolution of 1.95 keV FWHM at 1332.5 keV of Co-60, 
acquisition interface board with computer and basic software (Gramma Vision-32) from ORTEC, USA.  
2.3. INAA measurement 
      Fish samples were accurately weighed appropriately 0.1 g and sealed in clean polyethylene container for 
irradiation. Samples were irradiated at the TRR-1/M1 research reactor together with certified reference materials. 
The certified reference materials (CRMs) were used in this study: DORM-1 and DORM-2, Dogfish muscle and liver 
from the Analytical Chemistry Standards Program of the National research Council (NRC) Canada. Elemental 
concentration was determined using the comparator technique. The radionuclides used in this study are presented in 
Table 2. The elemental concentration is presented in Table 3. 
Table 2. Nuclear parameters of the elements of interest 
Element Radionuclide Half-life Energy(keV) 
As 76As 26.3 h 559.1 
Cd 115Cd 2.228 d 336.3 
Co 60Co 5.27 y 1173.2 
Cr 51Cr 27.702 d 320.1 
Fe 59Fe 44.5 d 1099.2 
Hg 203Hg 46.61 d 279.2 
Rb 86RB 18.65 d 1076.7 
Sb 122Sb 2.72 d 564.1 
Sc 46Sc 83.81 d 1120.5 
Se 75Se 119.78 d 264.7, 136 
Zn 65Zn 243.8 d 1115.5 
 
Table 3. Elemental concentration in fish (mg/kg) 
Name As Cd Co Cr Fe Hg Rb Sb Sc Se Zn 
Nile tilapia 0.50 <13 0.11 8.95 15.60 <0.50 23.91 <0.30 <0.01 <0.50 26.07 
Nile tilapia(red) 1.76 <13 0.12 11.29 31.95 <0.50 37.29 <0.30 <0.01 <0.50 22.27 
Giant gourami 0.27 <13 0.13 11.11 12.43 <0.50 44.41 <0.30 <0.01 <0.50 26.16 
Striped snaked-head fish 0.31 <13 0.10 8.39 25.28 0.90 41.13 <0.30 <0.01 <0.50 36.92 
Striped catfish 0.19 <13 0.11 8.51 19.58 0.82 7.95 <0.30 <0.01 <0.50 26.80 
Black-banded trevally 2.66 <13 0.13 6.40 <14 <0.50 <2.00 <0.30 <0.01 0.78 21.23 
Spanish mackerel 3.11 <13 0.14 8.09 <14 1.13 2.36 <0.30 <0.01 1.69 24.29 
Giant seaperch 11.65 <13 0.13 7.41 <14 0.75 4.76 <0.30 <0.01 1.23 22.86 
Grouper 4.42 <13 0.12 7.86 <14 1.37 3.06 <0.30 <0.01 2.07 20.61 
Dorado 1.11 <13 0.11 10.23 <14 <0.50 1.42 <0.30 <0.01 <0.50 18.18 
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3. Results and discussion  
   From the study, 11 elements including As, Cd, Co, Cr, Fe, Hg, Rb, Sb, Sc, Se and Zn were analyzed in 10 fish 
species. Data from Table 3&4 show that concentration of As in five marine fish species (1.11-11.65 ppm) were 
much higher than others in five fresh water fish species (0.19-0.50 ppm) except Nile tilapia(red) (1.76 ppm). From 
the data, Cd and Sb were below the lower limit of detection (13 and 0.30 ppm) in all fish species. It is observed that 
Co, Cr, Sc and Zn were found in all fish species and with no significant difference; 0.10-0.14, 6.34-11.29, <0.01 and 
18.18-36.92 ppm, respectively. The Fe concentration in all marine fish species were below the lower limit of 
detection (14 ppm) while in fresh water fish species were 12.43-31.95 ppm. For Hg it is recognized that the Hg 
concentration in three fresh water and two marine fish species were below the lower limit of detection (0.50 ppm) 
but two species of marine fish have higher concentration of Hg (1.13 & 1.37 ppm). Rb has higher concentration in 
four fresh water fish species (23.91-44.41 ppm) and lower concentration in marine fish species (<2-4.76 ppm). 
Additionally, Se concentration in all fresh water and one marine fish species were below the lower limit of detection 
(0.50 ppm) while in four marine fish species were 0.78-2.07 ppm. Figure 1 and 2 were shown the amount of toxic 
elements in fresh water fish and marine fish.    
   
 
 
Fig.1. Toxic elements in fresh water fish 
 
Fig.2. Toxic elements in marine fish 
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4. Conclusions 
       This study was carry out in order to provide information of toxic and trace metals in fresh water and marine fish 
species bought from commercial market in Bangkok. Most elemental concentration among each fish species 
categories (fresh water and marine) show no variability except As and Hg. Since As, Cd and Hg are toxic elements 
commonly found in various food items but the level of Cd were all below the detection limit of 13 ppm. The 
standard recommended for As and Hg by the Ministry of Public Health of Thailand are 2 and 0.50 ppm, respectively 
[8]. From our study, the amount of As in all fresh water fish species does not exceed the standard recommended but 
exceed in four marine fish species (2.66-11.65 ppm) except Dorado (1.11 ppm). It was found that the amount of Hg 
in three fresh water fish species and two marine fish species are below the standard recommended but in two fresh 
water fish species and three marine fish species are exceed the standard recommended (0.75-1.37 ppm). It is also 
important to assess some biological and environmental factors such as origin of the fish, sea environment, feeding 
habits of fish, age, among other factors can significantly influence on the concentration of these elements. 
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